Abstract With the aim of minimising the patient's postoperative pain, expediting recovery and improving cosmesis, the idea of performing a laparoscopic procedure through a single abdominal incision was introduced. In the present report, we describe five different access routes to the prostate that may be at the surgeon's disposal with the potential of decreasing patient's perioperative morbidity. Robotic radical prostatectomy has been refined and became a standard of care in surgery for localised prostate cancer. The advent of single-port robotic surgery has prompted the re-discovery of different access routes to the prostate and ideally all of them are feasible. The potential for avoiding the abdominal cavity will decrease the surgical morbidity and minimise the surgical dissection. In the near future, each of the described approaches could be chosen on the basis of the patient's preoperative comorbidities, body habitus, anatomy, and disease characteristics and location.
Introduction
With the aim of minimising the patient's postoperative pain, expediting recovery and improving cosmesis, the idea of performing a laparoscopic procedure through a single abdominal incision was introduced [1] .
Since then, laparo-endoscopic single-site surgery (LESS) has evolved significantly over recent years. Wide ranges of surgical procedures have been successfully performed by this contemporary approach [2] . Nevertheless, its role in the field of minimally invasive urological surgery has remained anecdotal due to the significant technical challenges requiring consistent efforts of the surgeon when compared with the standard laparoscopic approach [3] . Certainly, after the initial enthusiasm, the interest towards LESS has declined.
With technological advancement, it had been postulated that a robotic platform could be applied to LESS with the aim of facilitating the approach [4, 5] . Indeed, in 2009, Kaouk et al. [6] reported the first successful series of robot-assisted LESS procedure in humans. They noted that robot-assistance was able to facilitate the dissection and the suturing [7] . After that, numerous robotassisted LESS procedures have been described worldwide [8] [9] [10] .
Evolution of minimally-invasive surgical approaches to the prostate
During the last decade, there has been a great effort by urologists to develop technical modifications and refinements of the radical prostatectomy (RP) technique, with the aim of improving the clinical outcomes and minimising the patient's morbidity.
Undoubtedly, the advent of laparoscopy and later robotics has triggered the re-discovery of different access routes to the prostate. Indeed, the surgical accesses to the prostate were limited with the standard laparoscopic approach; whilst robot-assisted LESS has widened the possibilities.
In the present report, we describe five different access routes to the prostate that may be at the surgeon's disposal with the potential of decreasing patient's perioperative morbidity.
Evolution of robot-assisted LESS instruments
Although the da Vinci systemÒ (Intuitive Surgical Inc., Sunnyvale, CA, USA) was shown to be helpful, it was not specifically designed for LESS. A novel set of instrumentation that adapts to the da Vinci Si system and employs curved laparoscopic cannulas, namely the 'da Vinci Single-Site', was then designed to be specific for LESS.
The new robot-assisted LESS instruments were reported to be feasible in both pre-clinical [11, 12] and clinical studies [13, 14] , but the introduction of such dedicated instrumentation represented a minimal step forward.
In fact, the lacking EndoWrist technology, representing one of the main advantages over standard laparoscopy of robotic surgery, remained a major limitation.
The new da Vinci purpose-built Single-Port Surgical System (SP1098, Intuitive Surgical Inc.) was then introduced featuring a system with one arm on which a scope and three robotic instruments can be inserted into the patient through a single robotic multichannel port [14] .
Like the da Vinci EndoWristÒ Instruments (Intuitive Surgical Inc.), the da Vinci SP EndoWrist instruments have seven degrees of freedom at the distal end, and the system software is designed to provide exact translation of the surgeon's hand and finger movements at the console to precise and tremor-free movements of the instruments. The EndoWrist SP instruments incorporate an additional joint providing an 'elbow,' so that instruments can triangulate at the surgical site through a single port. The EndoWrist SP instruments are also longer and incorporate a 'snake-style' wrist similar to the 5-mm multiport EndoWrist instruments.
Surgical approaches to the prostate
Transperitoneal approach (Fig. 1, arrow 1) A 2.5-cm incision above the belly bottom is made to allow the insertion of the 2.5-cm robotic port. If it is necessary, an extra 5-mm port can be electively placed on the right-side para-rectal line, at the level of the umbilicus (Fig. 1) .
After the peritoneal space is gained, the peritoneum is incised to gain the pelvic fossa. The main steps of the procedures are: bladder mobilisation, the defatting of the prostate and the incision of the endopelvic fascia, the management of the dorsal venous complex, the bladder neck dissection, the seminal vesicle dissection, the prostatic dissection, the dissection of the prostatic apex and urethra, and the vesico-urethral anastomosis, as previously described.
Such an approach is not limited by prostate size. Moreover, limited or even extended lymph node dissection can be effectively performed by the transperitoneal approach.
Retzius-sparing approach ( Fig. 1, arrow 2)
The standard multiport robot-assisted approach was first described by Galfano et al. [16] . The parietal peritoneum is incised at the anterior surface of the Douglas space. The seminal vesicles and the vas deferens are isolated and incised. Denonvilliers' fascia is separated by the postero-lateral surface of the prostate in an antegrade direction, reaching the prostatic apex so that a completely intrafascial plane is maintained. The bladder neck is isolated and sectioned. In order to evert the mucosa and to easily identify the bladder neck orifice for performing the anastomosis, four short cardinal sutures can be positioned. The anterior surface of the prostate is bluntly isolated from the dorsal venous complex without any incision. The apex isolation is completed, and the urethra is incised, completing the RP. Anastomosis is performed using a running suture starting from the 3 o'clock position. After the anterior sutures into the bladder neck are passed, the catheter is pushed into the bladder and the anastomosis is completed. The final step of the procedure is represented by the closure of the parietal peritoneum at the Douglas space level. Several advantages have been suggested for the Retzius-sparing approach, such as the complete intrafascial dissection, the avoidance of the Santorini plexus and pubourethral ligaments, and a smaller surgical dissection allowing for impressively high potency rate and early return of continence [15, 16] . On the other side, the limited space available with such an approach may bring some disadvantages, especially in men with large prostates. Several reports have studied the impact of prostate gland size on the outcomes: Retzius-sparing approach is oncologically and functionally equivalent regardless of the prostate size but is technically demanding for larger prostates [17] .
Extraperitoneal approach (Fig. 1, arrow 1) A lower, umbilical 2.5-cm 'U' incision is made, the anterior rectus fascia is incised and the rectus muscle fibres are vertically separated. Then the pre-peritoneal space is created using finger dissection. A balloon trocar is the best way to complete the dissection. In expertise hands, the dissection can be performed under view using the optic itself.
The multichannel trocar is then placed just beneath the rectus muscle. In addition, a 12-mm port can be inserted into the left fossa to facilitate the use of standard laparoscopic instruments if required. The procedure is then performed according to the main steps as aforementioned.
Such an approach can be considered in cases of previous major intra-abdominal surgeries. A drawback is represented by the limitation in performing an extended lymph node dissection if required.
Transvesical approach (Fig. 1, arrow 3) Currently, such an approach has been described on preclinical models only. The cadaver is placed in lithotomy. A 3-cm midline incision is made in the suprapubic area, 4 cm above the symphysis pubis. A retropubic access is achieved. The bladder is distended via a urethral catheter and a GelPOINTÒ (Applied Medical, Rancho Santa Margarita, CA, USA) is introduced percutaneously into the bladder. Then, a multichannel single-port is inserted through the GelPOINT to accommodate the oval articulating camera (12 Â 10 mm) and three 6-mm doublejointed articulating instruments. An extra 8-mm accessory port in the GelPOINT is used for suctioning and introduction of sutures. The SP robotic platform is docked from the patient's side. Pneumovesicum is obtained after CO 2 insufflation, providing an adequate space for the mobilisation of the robotic arms. The initial step is to perform an incision distal to the trigone to expose the peripheral zone of the prostate and avoid the ureteric orifices. The incision is deepened through the full thickness of the detrusor in order to expose the vas deferens and the seminal vesicles. The vas deferens is divided bilaterally and both the seminal vesicles are completely mobilised and maintained on anterior retraction. Thereafter, Denonvilliers' fascia is incised, and then the posterior dissection is performed along the pre-rectal fat up to the prostatic apex. The posterior bladder neck incision is extended on both sides to encircle the bladder neck. The bladder neck incision is initially deepened from the 7 to 11 o'clock position on the left side and from the 1 to 4 o'clock position contra-laterally. This manoeuvre gives exposure to the lateral prostate surface medially and the levator ani fibres laterally. These incisions are joined in the midline (at the 12 o'clock position) to expose the anterior surface of the prostate and the dorsal vein complex. The lateral prostate pedicles are divided using the robotic scissors and the neurovascular bundles are managed on the basis of the clinical indication. The management of the dorsal vein complex is performed on the basis of the surgeon's preference.
The urethra is divided just distal to the prostatic apex. The completely mobilised prostate is placed within the bladder. The vesico-urethral anastomosis is made using a running suture. The remainder of the bladder is closed anteriorly in a 'racket-handle' fashion from within the bladder. Then, the prostate specimen is extracted.
The unique aspects of the novel purpose-built singleport platform lead to several advantages of the transvesical approach if compared with a multiport transperitoneal robotic approach. The access through the suprapubic incision with the Gelport is technically simple and avoids the risks inherent to intraperitoneal access, such as injures to hollow viscus. In addition, the transvesical access avoids the need for a steep Trendelenburg position, with undoubted advantages in patients with comorbidities. After the single-port system is docked, the SP cannula is positioned inside the bladder providing an acceptable pneumovesicum due to the effective seal from the multi-access platform. With sufficient bladder distention and the ergonomic design of the purpose-built system with the EndoWrist technology instruments, there is the ideal surgical space for intracorporeal triangulation making even the anterior resection of the prostate feasible. Moreover, pneumoperitoneum is bypassed with the transvesical approach excluding the possible deleterious effects of CO 2 absorption on the cardiopulmonary physiology of patients.
In the near future, using such an approach, RP could even be tried under epidural anaesthesia [18] . Such an approach has been attempted with the DaVinci Si multi-ports platform too [19] .
Transperineal approach (Fig. 1, arrow 4) The patient has to be placed in exaggerated dorsal lithotomy with a 15°Trendelenburg position to facilitate the access to the perineum. Position requirements exclude some patients from the perineal approach, including those with severe ankylosis of the hips or spine, or such extreme obesity that the weight on the diaphragm requires excessive ventilatory pressure that restricts cardiac filling [17] . A 2.5-cm semilunar incision is made in the midline, between the ischial tuberosities. The subcutaneous tissue is dissected and the central tendon of the perineal body is identified and cut. The recto-urethralis muscle is then found and transected to expose the space inferior to the membranous urethra. In this manner, the external sphincter is identified and retracted superiorly. At this point, the 2.5-cm multichannel single-port is placed. Three 6-mm robotic instruments and a 10°12-mm articulating camera are accommodated. The robotic device is then docked beside the patient. The entire procedure is performed using standard insufflation with pressures of 12-15 mmHg. The key steps of open transperineal RP are reproduced. Once the single-port robotic device is docked, the posterior prostatic space is developed to expose the levator ani muscles on either side of the posterior aspect of the prostate. The levator ani fibres are split along the lateral aspects of the prostate, and Denonvilliers' fascia is opened. This is performed in a way that preserves the neurovascular bundles bilaterally. Once Denonvilliers' fascia is open, the posterior plane of the prostate is delineated and followed to find the insertion of the seminal vesicles and vas deferens bilaterally. Once this is done, bilateral vascular pedicles to the prostate are identified and ligated. The prostatic apex and urethra are dissected and the urethra is sharply cut to expose the catheter. The catheter may be clipped to maintain fluid in the catheter balloon and the catheter is cut. The proximal portion of the catheter may be used to place traction on the prostate. The junction between the bladder neck and prostate is identified and opened. Once this is done, the clip on the catheter is removed to allow emptying of the catheter balloon and the release of the prostate is completed.
The potential advantages of perineal RP could be less postoperative discomfort, more rapid resumption of physical activity and return to work. Moreover, transperineal RP may be easier in patients with previous pelvic surgery.
It is known from the open perineal approach literature that urine control postoperatively is mostly immediate due to preserved urethra-sphincter complex anatomy [20] [21] [22] [23] [24] .
Conclusions
Robotic RP has been refined and became a standard of care in surgery for prostate cancer. The advent of singleport robotic surgery has prompted the re-discovery of different access routes to the prostate. All of them are ideally feasible. The potential for avoiding the abdominal cavity will decrease the surgical morbidity and minimise the surgical dissection. In the near future, each of the described approaches could be chosen on the basis of the patient's preoperative comorbidities, body habitus, anatomy, and disease characteristics and location.
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